ABSTRACT.--We investigated the mechanisms by which helpers contribute to breeder reproduction in a Costa Rican population of White-throated Magpie-Jays (Calocitta formosa). Helpers provided a substantial proportion of all feedings to female breeders and their offspring, proportionately more than most species of cooperatively breeding New World jays. Breeding males typically fed breeding females and offspring less frequently than expected, however. There was little evidence of brood division in the sense of individual provisioners (breeders or helpers) preferentially feeding particular fledglings within a brood. The rate of provisioning per recipient increased as a function of group size only during the pre-incubation period (provisioning of the laying female). Provisioning rates per nestling and per fledgling were not correlated with group size, and the number of offspring fledged per successful nest did not increase with group size. Helpers did reduce the provisioning burden on breeders, however, and occasionally were the primary care-providers of fledglings, which allowed breeders to renest. More successful nests were produced in groups with many helpers than few, resulting in more fledged young per year. Mechanisms contributing to this "helper-effect" included more nesting attempts per year and a higher likelihood of renesting after a successful attempt. We conclude that the contributions of magpie-jay helpers in- In a recent paper (Langen and Vehrencamp 1998), we analyzed the effects of group size and territory size on the reproductive success of magpie-jay groups. In our sample of 14 territories, the number of offspring fledged per successful nest did not vary with group size, 131 
scription can be found in Langen and Vehrencamp (1998). The members of six groups containing individually marked birds were the primary focus of study, and an additional eight groups were monitored less intensively during the breeding season (details on marking and censusing in Langen 1996a, b). We include data from these additional groups where appropriate.
We visited all focal territories and nearby habitat at least weekly during the breeding season (January to August). Nests were detected by listening for the loud food-solicitation calls that are broadcast with monotonous regularity during the pre-incubation period by breeding females in the vicinity of their nest (Langen 1996a). Once a breeding episode had begun, we initiated intensive monitoring of the group (see below). In addition, group members were tallied during visits. Because the absence of a female might indicate nesting, we carefully searched territories for additional nests after detecting that a female was absent. Most nests (83%) were located during the pre-incubation period; the remainder were discovered shortly after the onset of incubation.
Feeding of the breeding female or offspring by other group members was quantified during each of three nesting stages: (1) pre-incubation, when the breeding female was laying but not yet incubating;
(2) incubation, when the breeding female brooded the eggs; and (3) the nestling period. Nests were observed through spotting scopes at a distance of 20 to 75 m (depending on the tolerance of group members) for 90 min per morning throughout each monitored breeding attempt such that every instance that an individual brought food to the incubating female or nestlings was recorded (although we were not able to determine the distribution of feedings among nestlings). We also monitored the provisioning of each fledged offspring until nutritional independence via timed samples during which we recorded the number of feedings received and the identity of provisioners (see Langen 1996b). Samples were made once per week or more frequently (8 to 14 sample days per fledgling), each sample lasting 30 to 60 min (timed only when the animal was in sight). Magpie-jays are relatively tolerant of humans, so most observations could be made at distances of 10 to 25 m. We could not reliably quantify the quality and load size of the food brought by provisioners at any stage of breeding, however. but because these nesting attempts were infrequent, only I of 10 successful nests was by a secondary breeder.
Rate ofprovisioning.--The rate of provisioning varied greatly among the different stages of breeding, with the highest levels occurring after offspring had fledged (Fig. 2) . Primary breeding females were fed at significantly higher rates than were secondary females in the pre-incubation and incubation stages (mean provisioning rate compared with t-tests separately for each group; trend among groups tested using Fisher's combined probability; pre-incubation, X 2 = 13.9, n = 2 groups, P < 0.01, secondary rates 61 _+ 11.3% lower; incubation, X 2 = 24.6, n = 5, P < 0.01, secondary rates 66 -+ 12.7% lower; nestling, X 2 = 3.9, n = 2, P > 0.1). For nests of primary breeders, the rate of provisioning increased significantly with helper number during pre-incubation from the point of view of the recipient and possibly of the donor (per recipient, F = 8.8, P = 0.02, slope = 0.046; per donor, F = 3.9, P = 0.07, slope = 0.006, n = 14). There was no significant effect of helper number on either donor or recipient provisioning rates during the incubation and Provisioning and group membership class.--A majority of all feeding visits to the breeding female or offspring were made by helpers (Fig.  3) . Half of the young helpers made significantly fewer visits than other group members, however (25 _+ 11.5% fewer feeding visits than older group members, n = 7 young helpers; see Langen 1996b). Slight differences existed in provisioning effort among older helpers within a group (CV of older helper feeding visits = 0.36 --z-0.053, n = 7 group years). Breeding females made relatively smaller contributions to offspring feeding in groups with many helpers (Fig. 4) , but their efforts typically were not different from those of the average older helpers (Table 1) . Breeding males, however, made fewer feeding visits than expected (Table 1) whether each provisioner randomly distributed feedings within a fledgling cohort. The allocation of feedings to fledglings was significantly nonrandom during one group year out of seven (plus one trend; Table 2 ). In the one significant group year (Comedor 92), the breeding male fed one fledgling disproportionately, and one helper fed a second fledgling disproportionately, but the other group members displayed no bias among the three fledglings.
Survivorship of offspring.--Clutch size was significantly higher in large groups than in small groups (Langen 1996a), but the number of nestlings at the day of banding (10 days posthatching) did not covary with group size (rs = -0.07, n = 27, P > 0.5; oe = 3.2 _+ 0.18 nestlings). Although in larger groups a lower proportion of eggs produced nestlings at day 10, as expected from the previous results, the relationship was not significant (rs = -0.11, n = 17, P > 0.5; • = 0.61 _+ 0.061). For nests that fledged young, nestling survival from banding to fledging did not differ significantly between small groups (1 to 3 helpers, 38.1% disappeared, n = 21) and large groups (4 to 7 helpers, 45.5% disappeared, n = 11; Fisher's exact test, P = 0.5). Disappearances between fledging and six months of age, which is the period of transition to nutritional independence (Langen 1996b), did not differ significantly between small groups (37.5%, n = 8) and large groups (11.7%, n = 17; Fisher's exact test, P = 0.3). Although not affecting the number of offspring fledged per nest, groups with many helpers had more successful nests per breeding season. This was not a result of higher rates of successful nesting or increased numbers of secondary nests in larger groups, but arose because breeders attempted more nests. Helpers provided a type of "load-lightening" (sensu Brown 1987) such that after producing fledglings, primary breeders were more likely to renest in large than small groups while helpers continued to care for offspring of the previous brood. Renesting even coincided with the peak period of offspring provisioning. Load-lightening that facilitates renesting by breeders or increases breeder survivorship is the most frequently documented benefit provided by helpers (Crick 1992).
Using data from this study and from previous publications (Langen 1996a, Langen and Vehrencamp 1998), we estimated the direct and inclusive fitness of primary breeding females in groups having one and six helpers (the range in our data). We assume that the only result of the helpers' contributions is to increase the number of successful nests, and we have estimated the proportion of successful nests that result from secondary breeders. We also assume that the number of offspring that result from egg dumping by nonbreeders is negligible, and that secondary breeders are full sisters or daughters of the primary breeder (coefficient of relatedness = 0.5). We estimated the difference in offspring production by primary breeders in groups with one versus six helpers to be 4. (Langen 1996b, c) . Indeed, young birds (i.e. less than 500 days of age) were more successful at harvesting arthropods in groups with many helpers than in groups with few helpers (Langen and Vehrencamp 1998).
Innes and Johnston (1996), who studied White-throated Magpie-Jays at the same location 10 years before us, came to somewhat different conclusions about the mechanisms by which helpers contribute during breeding. The main difference between the two studies appears to lie in the social classification of jays.
For example, Innes and Johnston (1996) included among group members a class called "parttime helpers" that appears analogous to some of the birds that we called "floaters" (i.e. males in the process of natal dispersal; Langen 1996a, b). More important, Innes and Johnston (1996) included all females that attempted nests when investigating the effects of helpers on reproductive success. Their data appear to have included females that we would have classified as secondary breeders. If so, the variation in reproductive success that they associate with the number of helpers may be the result of differences in status and experience between primary and secondary breeders.
We conclude that the main contribution of magpie-jay helpers during our study was to lighten the burden of offspring care on breeders, resulting in rapid renesting after a brood had fledged. Although we probably failed to document some of the helper contributions during breeding, our data suggest that helpers provide a substantial reproductive benefit to breeders, a conclusion similar to that of Innes and Johnston (1996). Helpers probably benefit, too, because they are closely related to the offspring that are produced because of their efforts. However, some putative "helping" actually may be offspring care that results from egg dumping by the putative "helper." In part, helping may allow nonbreeders to gain access to nests and also may make it easier to become a breeder on the natal territory (Langen 1996a).
Thus, it appears that helping behavior is selectively favored from the point of view of both the breeders and the helpers.
